Abstract: Hydrogenated palm kernel oil (HPKO) blended with butter in ratio 3:1 and 3:2 were investigated for different physicochemical properties and fatty acid ratio, C18:2/C16:0. The antioxidant treated samples and the control samples, packed in LDPE bags, PET and glass jars were stored at room and refrigerating temperature for ten months. Storage of control samples in LDPE bags at room temperature was observed as the condition most prone towards oxidation after ten months on the basis of different physicochemical parameters and fatty acid ratio. Whereas the storage of samples in glass jars with 200 ppm antioxidant at refrigerated temperature was found resisting the oxidation of blended fat till ten months of storage. The refrigerating conditions also proved efficient to control oxidation for control samples till sixth month of storage period in any of the packaging material. The correlation among PV, FFA and colour values was found positive whereas the correlation among PV with IV and C18:2/C16:0 was negative. The susceptible limit of fatty acid ratio C18:2/C16:0 was found as 0.11 for 3:2 blended fat at both room and refrigerating temperature.
Introduction
Globalisation and nutritional enrichment have raised the interest of consumption of blended oils/fats. The advantages such as improved thermal stability, oxidative stability, and nutritional benefits offered, are the root causes of popularity gained by such blends of fats and oils (Sharma et al., 1996) . Ray and Bhattacharyya (1996) blended palmsterin (high melting low digestible fat) as a substitute to vanaspati with polyunsaturated fatty acid-rich liquid oils. The resultant blend produce was of melting points below the human body temperature and contained zero trans fatty acid with ease in digestibility of the blend. Two edible oil blends, namely groundnut oil: rice-bran oil and mustard oil: rice-bran oil, were prepared in different proportions and stored for a period of three years and their physicochemical characteristics were determined (Nasirullah et al., 1991) . Prakash et al. (2001) studied changes in sensory profile and physicochemical properties of blended vegetable oil.
One of the major cause of food spoilage is oxidation of fat which is the ultimate concern to food industry on economic field. In terms of product value, oxidation of fat is the major criterion which plays a significant role in commercial implications. Initially accumulated oxidation products during fat oxidation are hyperoxides which may subsequently break down to form lower molecular weight compounds such as alcohols, aldehydes, free fatty acids (FFA) and ketones which leads to autooxidative rancidity (Koczon et al., 2008) . Oxidative deterioration rate analysis in edible oils, refined olive, corn and soybean oils were done by determination of peroxide value (PV), p-anisidine value and iodine value (IV), following exposure to air or air-light for 30 days (Naz et al., 2004) . Mounts et al. (1978) studied the effect of antioxidants on flavour and oxidative stability of hydrogenated and unhydrogenated soyabeanoil. It has been found that food packaging extend the shelf life and maintain or increase the quality and safety of food also can delay the spoilage of food and helps in keeping quality (Singh and Goyal, 2011) . Romanic et al. (2009) monitored the changes in oxidative stability and α-tocopherol content of refined sunflower oil during 12 months of storage at room temperature in different commercial packagings: tetra brick, polyethylene terephthalate (PET) bottles and polyethylene (PE) canisters. Nkpa et al. (1992) studied the effect of various packaging material on storage stability of refined palm oil.
Hydrogenated palm kernel oil (HPKO) and butter are two different fats that are being used in different kind of confectionary items in varying ratios. Palm oil is a mixture of saturated, unsaturated and polyunsaturated fatty acids. Palm kernel oil contains lauric myristic and oleic as major fatty acids. It can be readily hydrogenated to develop a range of high melting fats (Lees and Jackson, 1973) . Butter is the major component in caramel confectionary as it provides flavour and texture to the caramel. Phosphatides (lecithin) are present in butter (0.3%) and it is reported that they are partially responsible for better emulsification of butter in confectionery formulations, compared with vegetable fats. The blending of these two fats may provide a convenient method of manufacturing of confectionary. Williams et al. (1997) studied the thermal behaviour of mixtures of HPKO and milk fat in compound coatings. But the changes in sensory and physico-chemical parameters and storage stability of blended fat is still unexplored. Therefore this research examined the impact of storage conditions and antioxidant activity on physico-chemical and sensory characteristics of two differently proportionated blend of HPKO and butter.
Materials and methods
The work was carried out for ten months from Jan'2010 to Oct'2010, in department of Food Engineering and Technology, Sant Longowal Institute of Engineering and Technology, Longowal Punjab, India. HPKO was procured from Cadbury India Ltd while butter and three kinds of packaging material (LDPE, PET and glass) were purchased from local market, Sangrur, Punjab, India. All chemicals used in study were of AR grade.
Preparation of samples and storage
HPKO and butter were blended in ratio of 3:1 and 3:2 respectively. An antioxidant, butylated hydroxyanisole was then mixed in different quantity (200 ppm, 150 ppm and 100 ppm) with the blended fat at molten and homogenised state. All the blended fat samples with antioxidant in different quantities and control samples were then filled in three different packaging materials (LDPE, PET and glass) individually. The packaged blended fat samples and control samples were then stored at room temperature (27 ± 2°C) and refrigerating temperature (16 ± 2°C) to examine their storage stability for ten months of storage. The samples were opened after every one month for the evaluation of various parameters.
Analysis
FFA , PV , IV [Cd 1-25] were determined using standard methods (AOCS, 2004) and Color of the blended fat was measured by using Lovibond tintometer (Model F, Effem Technologies Pvt. Ltd., New Delhi, India).
Fatty acids of triglycerides were analysed by preparing methyl esters according to a conventional procedure consisting of saponification followed by acidification and finally methylation using diazomethane as per the reported method (Sharma et al., 2006) . Gas chromatographic (GC) analysis of fatty acid methyl esters was carried out using a NUCON SERIES 5700 of data station 0-2.5 mV range and < 1.5 s response rate. A 2 m × 2 mm stainless steel 10% Silar 7C column packed with 60-120 mesh Gas Chrom Q was used. The injector and detector temperatures were maintained at 240°C. The column temperature was set at 160°C for 5 min and then ramped at a rate of 5°C per min to a final temperature of 220°C and kept there for 20 min. The total time for analysis was 37 min. Fatty acids were tentatively identified by comparing with retention times of authentic reference samples.
Statistical analysis
The data was tabulated and subjected to two ways ANOVA, test of significance, means and standard deviation using Sigma Stat 3.5 version and excel windows version.
Result and discussion

Physico-chemical characterisation of blended samples
The samples consisting of HPKO and butter in the proportions of 3:1 and 3:2 were prepared and analysed for their fatty acids compositions. HPKO reflected 95.2% saturates 4% MUFA and less than 1% PUFA. Williams et al. (1997) reported that HPKO contained 97% saturates, 2% MUFA and less than one percent PUFA. Butter had 59.4% saturates 40% MUFA and 0.6% PUFA. Bylund (1995) reported 58-61% saturates 30-40% MUFA and up to 1% PUFA in milk fat. The proximate composition of butter, was 80.2% fat, 16.3% moisture, 2.5% salt and 1% curd, was as per the regulatory standard (PFA, 1954) . The prepared blended fat samples in the ratio of 3:2 and 3:1 had melting points, 34.3°C and 31.2°C respectively.
The initial characteristic of blended fat (control) consisting HPKO and butter, in the ratio of 3:1 and 3:2, is shown in Table 1 . The blended fat was characterised for PV, IV, FFA, colour values and fatty acid composition. The blended fat samples consisting of HPKO and butter in the proportion of 3:1 and 3:2 respectively showed an appreciable amount of lauric acids (28.8% and 24.1%), oleic (18.9% and 22.4%) and palmitic (11.25% 13.5%). HPKO contained high amount of lauric and palmitic acids, i.e., 48.2% and 18.0% respectively whereas the butter had high amount of palmitic, 30.0% and oleic acids 40.0% (Table 1 ). The composition of lauric and palmitic acid in the HPKO were reported as 49.9% and 9.9% respectively (Williams et al.,1997) . The PV, IV and FFA of HPKO were found 0.46 meq/kg, 6.8 and 0.002% respectively while butter showed 5.65 meq/kg, 0.63 and 0.06%. 
Effect of storage conditions on physicochemical properties of 3:1 and 3:2 blended fat
FFA content is an index of hydrolytic rancidity and contributes to the development of off-flavours and off-odours in the fats/oil. The changes in FFA during storage of control and antioxidant treated sample packed in different packaging materials is shown in Table 2 . The data indicated that both the samples consisting of HPKO and butter fat in the proportion of 3:1 and 3:2 showed increase in FFA with respect to different packaging materials and storage time. However the samples packed in LDPE exhibited greater increase in FFA after the storage of ten months as compared to the glass and PET jars. The FFA were increased from 0.67 to 0.115% when packed in LDPE bags as compared to 0.095% and 0.082% when packed in PET and glass jars respectively at room temperature after 10 months of storage. The sample consisting of HPKO and butter fat in the proportions of 3:2 showed greater increased in the FFA in all the packaging materials and at different temperatures with respect to storage time as compared to the sample consisting of HPKO and butter in the proportion of 3:1. This may be attributed due to the more amount of moisture present in the blended fat due to the higher amount of butter in the blended samples. When the samples were stored at refrigeration temperature the similar pattern of change in FFA was observed as was observed at room temperature. However, the rate of increase of FFA was decreased with respect to the storage time at refrigeration temperature as was expected. The effect of addition of antioxidant (BHA) in different proportion was also observed. The data indicated that the rate of reaction was slowed down with the increase of antioxidant concentration at both the temperatures. However, the rate of increase of FFA was slower at refrigeration temperature in presence of antioxidant. This was interesting to observe that the BHA was not that much effective at both the temperature as was expected. This may be due to the FFA formations from the hydrolysis resulting from enzymes, thermal stress rather than autooxidation exclusively. In addition this may also be attributed due to the ease of lypolysis of milk fat which occurs in the milk fats. The rate of formation of FFA for the blended fat in the proportions of 3:2 was observed least when packed in glass jars. Torres-Arreola et al. (2007) also observed changes in FFA of fish fillets when the control samples were packed in LDPE. Fillets packed in BHT-LDPE (butylated hydroxytoluene) films showed less tissue damage and lost less firmness than fillets packed in LDPE. Similar results of increase in FFA was observed by Abulude et al. (2007) when oil of Jatropha curcas and Hellianthus annuus were stored for four months in four different containers (polyethene, glass, metal and plastic bottles).
The changes in PV may be due to the amount of oxygen that must be absorbed or peroxides that must be formed to produce noticeable oxidative rancidity in blended fat which varies with their composition (Mishra et al., 2010) . PV of control sample was initially 6.57 for 3:2 blended fat ( Table 1 ). The value of PV for fats and edible oils is susceptible beyond 10 meq/kg (PFA, 1954) . The increase in PV for 3:2 blended fat (control simple) stored in LDPE bags at room temperature was noticed after fourth, sixth, eighth and tenth month of storage as 10.58 meq/kg, 11.99 meq/kg, 12.81 meq/kg and 13.65 meq/kg respectively (Table 3) . However, at refrigerating temperature the blended fat control sample reflected a slower rate of increase in PV (Table 3 ). The 3:2 blended fat control sample showed oxidative stability in both PET and glass jars till sixth and eighth month of storage at room temperature and refrigerating temperature respectively. However, the samples were unacceptable after eighth and tenth month of storage at room and refrigerating temperature respectively. At refrigerating temperature, the control sample stored in LDPE bags reflected an unacceptable PV of 10.93 meq/kg after eighth month whereas the samples stored at room temperature in LDPE bags were found unacceptable much earlier (after fourth month) with PV of 10.58 meq/kg ( Table 2 ). The rate of increase in PV was more in LDPE as compared to glass and PET. This may be due to the higher oxygen permeability of the LDPE. The variation in PV of sample stored in same packaging materials but at different temperatures conditions attributed to the fact that refrigerating conditions resist auto-oxidation of fats and oils (Fennema, 1996) due to which the rate of increase in PV at refrigerating conditions was slower as compared to room temperature. Minimum increase in PV from 5.49 to 9.49 meq/kg and from 6.57 to 9.71 meq/kg was found for 3:1 and 3:2 blended fat samples respectively with 200 ppm BHA, stored in glass jars at refrigerating temperatures.
The data indicated that the rate of increase of PV for the control sample was higher at refrigerating temperature as compared to the samples containing 100, 150 and 200 ppm antioxidant. The control samples stored in LDPE bags were unacceptable after eighth month of storage at refrigerating temperature, whereas the samples with 200 and 150 ppm antioxidant concentration were found acceptable even after tenth month in similar storage conditions with 9.83 and 9.88 meq/kg PV respectively. Similar trend was observed by Warner and Mounts (1984) , while studying storage stability of hydrogenated and unhydrogenated soybean oils when stored in glass or PVC container. The PV for 3:1 blended fat was also found increasing following the similar pattern of 3:2 blended fats but the rate of increase in 3:1 blended fat was slower as compared to 3:2 blended proportions. The changes in IV of blended fat are given in Table 4 . It was observed that IV decreased gradually during storage of control samples from 14 to 11.7 for 3:2 blended fats after tenth months of storage in LDPE bags at room temperature. While for samples stored in glass jars the decrease in IV was up to 12.9 after tenth month of storage. The samples stored in LDPE at refrigerating temperature were stable till six months and the reflected a decrease in IV to 13.5 after eighth month of storage. However, the control samples stored in LDPE bags at room temperature were found to have stability till second month. Control samples stored in PET and glass jars at refrigerating conditions showed a decrease in IV from 14 to 13.5 after tenth month of storage. While the samples showed a decrease in IV to 12.2 and 12.9 after tenth months when stored in PET and glass jars respectively at room temperature. This variation in IV in same packaging materials at different storage temperature may be due to the fact that at lower temperature the rate of oxidation decreases (Fennema, 1996) . After eighth month of storage at refrigerating temperatures, the control samples packed in LDPE showed a decrease in IV to 13.5 whereas the samples with 150 and 200 ppm BHA reflected a little change in IV as was expected. The samples packed in PET and glass jars with 150 and 200 ppm BHA reflected a decline in IV to 13.7 and 13.88 and 13.7 and 13.93 respectively after tenth month of storage at refrigerating temperature. The similar pattern of decrease in IV at all the storage conditions was found for 3:1 blended fat also. However the rate of decrease in IV for 3:1 blended fat was slower as compared to 3:2 blended fats. This difference in IV in two blends may be due to the amount of saturated fat in 3:1 is more as compared to 3:2 blended fat. The maximum decrease in IV of 2.3% from 14 to 11.7 was reflected by 3:2 blended fat control samples after ten months of storage, in LDPE at room temperature (Table 4) . While the minimum decrease in IV of 0.09% was reflected by 3:2 blended fat treated with 200 ppm antioxidant and stored in glass jar at refrigerating temperature.
Linoleic and palmitic acids are usually used as indicators of the extent of fat deterioration because linoleic acid is more susceptible to oxidation where as palmitic acid is more stable towards oxidation (Tan et al., 2001) . The ratio of linoleic and palmitic acid (C18:2/C16:0) was found 0.13 initially for 3:2 blended fat (Table 1) which was reduced to 0.9 after ten months of storage in LDPE bags at room temperature (Table 5) . Widjaja et al. (2009) also noticed an increase in saturated and monounsaturated fatty acid while study of changes in fatty acid composition of fresh water catfish. Observing the changes in PV of samples storage in LDPE at room temperature and refrigerating temperature, the susceptible limit of C18:2/C16:0 ratios was also found by using linear regression equations. The coefficient (R 2 ) for linear regression between PV and C18:2/C16:0 was found '0.877', with equation 'PV = 28.239 -(154.800 × C18:2/C16:0)'. Using the susceptible limit of PV, i.e., 10.0 meq/kg, in the linear regression equation the susceptible value of C18:2/C16:0 was found as 0.11. The value, 0.11 of C18:2/C16:0 was found after sixth and eighth months when sample was stored in LDPE at room and refrigerating temperature respectively. Hence, it can be predicted that the samples reflecting 0.11 or above C18:2/C16:0 ratios are not safe on the basis of fatty acid oxidation. The negative coefficient value is due to the negative correlation among PV and C18:2/C16:0.
When the samples were stored in LDPE at room and refrigerating temperature, the C18:2/C16:0 ratios were found stable till second and fourth month of storage (Table 5) . While in both PET and glass jars the C18:2/C16:0 ratios were stable till fourth and sixth month of storage at room and refrigerating temperature respectively because the ratio of C18:2/C16:0 was lesser than 0.11.
Table 4
Changes in IV during storage in different packaging materials The samples with 200 ppm BHA were found to have stable C18:2/C16:0 ratio till sixth month at both room and refrigerating temperature. However, after tenth month C18:2/C16:0 ratio was decreased to 0.11 and 0.12 at room and refrigerating temperature respectively. Mounts et al. (1978) while studying effects of antioxidants on flavour and oxidative stability of hydrogenated and unhydrogenated soyabean oil also concluded that antioxidant treatment improved oxidative stability of hydrogenated oil. The blended fat packed in LDPE and stored at room temperature showed maximum decline in C18:2/C16:0 ratio from 0.13 to 0.09. The reason behind the decline may be due to oxidative cleavage of fatty acids during storage. Nasirullah et al. (1982) reported an increase in total saturates and a decrease in total unsaturates of fatty acids.
The colour value of 3:2 blended fat samples packed in LDPE at room temperature showed an increase to 7.3 after fourth month and to 9.1 after tenth month of storage. However, at refrigerating temperature, the colour value of control sample increased from 7 to 8.7 after tenth month of storage. The samples packed in both PET and glass jars at room temperature reflected stable colour values till sixth month of storage, while after tenth month the value increased from 7 to 8.7 and 8.5 for PET and glass jars respectively. The samples containing antioxidant in 200 ppm concentration and packed in LDPE also reflected a minor increase in colour value (from 7 to 8.6) after tenth month of storage at room temperature (Table 6 ). The maximum increase in colour value of 9.1 was noted for 3:2 control sample packed in LDPE at room temperature, whereas minimum up to 8.3 was found for 3:2 blended fat samples with 200 ppm BHA, stored in glass jar, at refrigerating temperature. Darkening of the colour may be attributed to several factors such as storage conditions and oxidative effects during storage (Gulla et al., 2010) .
The data in Tables 7 and 8 reflect the correlation among different physicochemical properties of blended fat samples when stored in LDPE bags. The changes in physicochemical parameters of 3:1 and 3:2 blended fat samples reflected a positive and significant correlation of PV with FFA and colour where as there was a negative and significant correlation of PV with IV and C18:2/C16:0. This may be due to increase in PV, FFA and colour during storage of samples and decrease in IV and C18:2/16:0 through out the storage. A positive and significant correlation was found among PV, FFA and colour and IV and C18:2/C16:0. Table 7 Correlation among physicochemical properties of 3:1 blended fat stored in LDPE bags at room temperature Notes: PV, peroxide value; FFA, free fatty acid; IV, iodine value; C18:2/C16:0, ratio of linoleic acid/palmitic acid; *significant at p < 0.05.
Table 8
Correlation among physicochemical properties of 3:2 blended fat stored in LDPE bags at room temperature 
Parameters
Conclusions
Increasing the storage time had an adverse effect on different physico-chemical parameters of all the samples. An increase in PV, FFA and colour was observed after fourth month of storage in all control samples packed in LDPE and stored at room temperature. Whereas the sample containing 150 and 200 ppm antioxidant proved efficient in avoiding oxidative rancidity throughout the storage period of samples stored in LDPE bags, glass and PET jars at refrigerating temperatures. The study concluded that the blend of HPKO and butter in ratio 3:1 and 3:2 can be stored safe in glass jars with 200 ppm of BHA irrespective of the storage temperature where as there may be a sign of oxidative rancidity in eighth month of storage in PET jars with 100 and 150 ppm BHA content. The LDPE packaging proved ineffective after eighth and fourth month in controlling oxidation of both 3:1 and 3:2 blended fat respectively at room temperature. Considering all the changes in several parameters of all the samples, the samples consisting of 200 ppm BHA, stored in glass jars at refrigerating conditions were proved to be most suitable to store 3:1 and 3:2 blended fat samples for a shelf life of ten months. However, the LDPE packaging of control samples at room temperature was found most vulnerable toward deterioration. The changes in physicochemical parameters of 3:1 and 3:2 blended fat samples reflected a positive and significant correlation of PV with FFA and colour where as there was a negative and significant correlation of PV with IV and C18:2/C16:0. The susceptible limit of C18:2/C16:0 obtained when co-related with PV was, 0.11. On the basis of the fatty acid ratio, C18:2/C16:0, the 3:2 blends were safe till fourth and sixth month of storage in LDPE at room and refrigerating temperature respectively.
